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Isotopic Method Determi EY WG tll B AA BYitent 


METHOD which uses heavy water to determine 
+ the total water content of biological tissues and 
other materials has recently been myn a by Drs. 
H. J. Morowitz and H. P. Broida of the National Bu- 
reau of Standards in connection with a program of 
basic instrumentation sponsored at NBS by the Depart- 
ment of Defense and the Atomic Energy Commission. 
Based on a spectroscopic measurement of the ratio of 
ordinary to heavy water in a solution containing the 
sample. the new method is outstanding in the rapidity 
and convenience with which it can be applied to a 
large number of samples. Recent experiments at the 
Bureau have shown that it saves considerable time in 
the determination of the water of hydration of inor- 
ganic crystals and proteins, the water content of the 
human body. and the water content of bacterial cells. 
Other applications to which the technique has been 
applied include studies of water exchange in resins and 
of water transport through human capillaries. deter- 
mination of moisture in the atmosphere, and the identi- 
fication of unknown organic molecules. 
Essentially the NBS technique consists in dissolving 
a known amount of the material to be analyzed in a 
mixture of deuterium oxide (heavy water) and hydro- 
gen oxide (ordinary water) and then determining 
spectroscopically the resulting change in the ratio of 
deuterium oxide to hydrogen oxide. From the differ- 
ence in this ratio before and after addition of the 
sample. the water content of the sample material, which 
is assumed to contain no deuterium oxide. is computed. 
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The Janalysis takes advantage of} the 
separafion of DE FROM: lines of hydrogen and 
deuter§im due to the isotopic shift. | By means of a 
high-frequency elec eles= water vapor 
from the sample is dissociated into H and OH. and into 
D and OD. The ratio of excited hydrogen to deu- 
terium. which is a function of the ratio of hydrogen 
oxide to deuterium oxide. is then determined by 
meas surement of the relative intensities of the HB line 
(4861.3 A) and the DB line (4860.0 A). 

An entire analysis can be less than 
one-half hour. The sample of the water-containing 
material is first accurately weighed. It is then mixed 
with a volumetrically determined quantity of a hydro- 
gen oxide-deuterium oxide mixture containing about 
99 percent of deuterium oxide in accurately known 
ratio to the hydrogen oxide. After equilibrium has 
been reached. vapor from this solution is continuously 
pumped through a discharge tube, where a steady 
electrodeless discharge is maintained by a 150-mega- 
cycle supply. A rotating grating mono- 
chromator scans the emitted radiation at a rate of about 
10 A per minute, focusing the H and D lines on a photo- 
multiplier tube which activates a recording device. 
(A high-resolution photoelectric grating monochro- 
mator was loaned on a field-trial arrangement by Leeds 
and Northrup Co.) From the trace thus produced, the 
relative intensities of the two lines are quickly and 
accurately determined. By the use of an electrodeless 
discharge and continuous pumping of the gas through 


wavelength 


carried out in 


power 





the discharge tube, sorption of hydrogen and deuterium 
within the tube is virtually eliminated as a source of 
error. 

If the molar ratio of the hydrogen oxide to deuterium 
oxide in the original solvent is r and the final molar 
ratio of the H.O to D,O in the solution is R, then the 
fraction by weight of the hydrated sample which is 
water, f, is given to a first approximation by the follow- States OF 
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ing relation: 


; ', S. DEPARTMENT OF COMMERCE 
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~ (1+r) M CHARLES SAWYER, Secretary 
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where m is the weight of the solvent in grams and M is NATIONAL BUREAU OF STANDARDS 
the weight of the original material to be analyzed in A. V. Astin, Director 
grams. The approximation, w hich is good to about October 1952 Issued Monthly Vol. 36, No. 10 


four parts in 1,000, is introduced by assuming that the 
partial molar volumes of H,O and D.O are the same 
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perature is l 000 the Director of the Bureau of the Budget, February 3, 1950. 
The NBS method is accurate to 0.5 percent in the 
determination of water content and is applicable to any 
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The total water content of materials is rapidly determined by observation of the change in the ratio of heavy 
to ordinary water in a solution to which the material has been added. Mixed vapor from the H:O—D.O solution 
containing the sample is pumped continuously through a discharge tube at left. The scanning monochromator 
(right center) picks up the H and D lines emitted in the discharge, and the photoelectric recorder (extreme 
right) traces their intensities. 
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Tensile Properties of Nickel 


A STUDY of the effect of temperature on the tensile 
£% properties of high-purity nickel has recently been 
completed by William D. Jenkins and Thomas G. 
Digges of the NBS thermal metallurgy laboratory. 
Tensile tests were made at temperatures ranging from 

320° to 1,500° F on annealed specimens of nickel of 
99.85 percent purity. 

The new work is a continuation of previous NBS 
studies of high-purity copper and copper-nickel alloys. 
These two metals are both available commercially in 
very high purity, and they and their alloys are suitable 
for many industrial applications. The two metals have 
unlimited solid solubility in each other (can be alloyed 
in all proportions), and these alloys have relatively 
high strength at elevated temperatures and are cor- 
rosion resistant in many environments. For all of 
these reasons the study of the copper-nickel binary 
-ystem is of considerable interest and significance. 
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Two series of tests were made in this NBS study of 
nickel. The first series was made in the range from 
room temperature to 1.500° F. Specimens were 
614-in.-long, with 2-in.-long reduced sections of 0.505- 
in. diameter. Each specimen was heated and main- 
tained at the desired test temperature, then tested in a 
hydraulic-type machine (15.000 lb range). The test- 
ing machine applied tension to the specimen, producing 
extension at a controlled rate of about 1 percent per 
minute. The movement of the head and the tension 
applied to the specimen were recorded by means of an 
automatic stress-strain recorder. 

The second series of tests was made at temperatures 
ranging from —320° to +212° F. Specimens were 
essentially the same as those used in the first series, but 
the procedure had to be modified to permit them to be 
fully immersed in a liquid bath during the testing in 
tension. Loading was controlled to produce con- 
traction of the smallest section of the specimen at a 
rate of approximately | percent reduction of area per 
minute. A special reduction-of-area gage measured 
the change in minimum diameter during testing. 


Upper left: Effect of temperature on plastic extension 
and reduction-of-area values at maximum load and at 
complete fracture. Data were obtained for annealed 
high-purity nickel tested in tension at a rate of extension 
of 1 percent per minute. Lower left: Relation between 
stress and strain at maximum load at temperatures from 

320° to plus 1,500° F. Stress values in curve | 
(dashed line) are based on initial cross-section areas of 
the specimen and in curve Ur (solid line) on actual 
cross-section areas at maximum load. Below: Effect of 
temperature on vield strength (curve Y, 0.2% offset), 
nominal strength at maximum load (tensile strength, 
curve U), and true stress at maximum load (curve Ur). 
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Specimens of high-purity nickel fractured in tension at 
various temperatures. A, 88° F; B, 300° F; C, 500° F: 
D, 600° F; E, 700° F; F, 800° F; G, 900° F; H, 1,000° F: 
I, 1,200° F; J, 1,500° F. 


In both series of tests, specimens were extended t: 
the point of fracture. Fractured specimens were ex 
amined metallographically and tested for hardness. 

The NBS study of nickel shows that in general the 
metal’s yield and tensile strength, and also the ductilit: 
at maximum load, tend to decrease with incre ase i 
temperature. The elongation at complete fracture at- 
tains a minimum at about 500° F. However, irregu- 
larities appear in the usual trends of some of the tensile 
properties in the temperature ranges of about 80° to 
300° F and 500° to 700° F. Strain aging apparently 
occurs in the range 80° to 300° F and Curie-point 
behavior in the range 500° to 700° F, while recovery 
and recrystallization predominate at temperatures of 
1.200° to 1,500° F. 

For further technical details, see Effect of temperature 
on the tensile properties of high-purity nickel, by William 


D. Jenkins and Thomas G. Digges, J. Research NBS 48, 
313 (April 1952). RP2317. 10 cents. 


A New Kind of Propagation at Very High 
Frec juencies 


NEW TYPE of VHF propagation by means of 

the ionosphere, observable at distances as great as 
1.200 or 1.300 miles from the transmitter, has recently 
been discovered. The investigation was cooperatively 
conducted by NBS, the Massachusetts Institute of Tech- 
nology. and the Collins Radio Co. Early results reveal 
the uninterrupted presence of weak but observable sig- 
nals over a 774-mile test path and suggest that the 
signals are returned from a part of the E region of the 
ionosphere (between 50 and 70 miles above the surface 
of the earth) near or just below the absorption region 
for high-frequency radio waves. 

The propagation of VHF radio waves (by definition, 
frequencies between 30 and 300 Mc) to distances sub- 
stantially beyond the horizon has been observed for 
many years. The propagation can nearly always be 
attributed to one of two causes. At short and inter- 
mediate ranges, special conditions prevailing at times 
in the troposphere usually provide an explanation. At 
greater distances, propagation is usually attributable to 
values of the F2- 
(above which frequency the 


ionospheric reflections. Very high 
layer critical frequency ( 
radio waves are not propagated) account satisfactorily 
for occasional cases of fairly strong fields at distances 
of several thousand miles, while sporadic E-layer ioniza- 
tion often accounts for erratic but strong fields out to 
distances of about 1.200 miles. 

It is known that the distribution of ionization in the 
ionosphere has a fine structure capable of producing 
incoherent scattering of radio waves. 
quiet ionospheric conditions, there are turbulent mo- 
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Even under 


tions in the ionosphere which lead to fading of single 
“rays quite apart from fading due to interference be- 
tween two or more rays. The question arose as to the 
possibility of detecting scattering caused by irregular- 
ities in the ionosphere ' when other forms of ionosphe ric 
transmission are absent. A theory on tropospheric 
scattering had been presented earlier by Booker and 
Gordon. The need for experimental work was evi- 
dent; and on January 23, 1951, suitable transmissions 
were initiated. 

The transmitter, operated by the Collins Radio Com- 
pany at Cedar Rapids, lowa, radiated continuous-wave 
signals at a frequency of 49.8 Mc, which were directed 
toward the NBS receivers at Sterling, Virginia, at a 
distance of 774 miles. The r-f power to a horizontal 
rhombic antenna was an estimated 23 kw. Similar 
antennas were used at both the receiving and transmit- 
ting locations, each 41.2 feet high having 500-foot legs 
and a tilt angle of 83 
ously from the outset, and the tests were continued in 


Signals were received continu- 


order to establish the diurnal and seasonal character- 
istics of received signals and to establish the behavior 
of the signals during ionospheric disturbances. 

A striking characteristic of the received signal, which 
exhibits fading characteristics that seem to follow a 
Rayleigh distribution, is the presence at all times of 
day of random heterodyne whistles, mostly descending 
in pitch. These are caused by reflections from the 
moving head of ionization accompanying meteors in 
their passage through the E. region and the lower parts 
The whistles. 


of the atmosphere. which vary enor- 
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mously in intensity according to the geometry of the 
situation and the size and velocity of the meteor. are 
relatively infrequent and of long duration in the 
evening and frequent and of short duration in the 
dawn hours. Furthermore. a meteor giving a strong 
whistle sometimes causes the signal level to rise 
abruptly and to remain high for periods ranging from 
several seconds to as much as a minute or more. It 
seems likely that this meteoric residue makes an im- 
portant contribution to the mean signal level. 

A pronounced evening minimum of signal intensity 
is always observed. It is followed by a “fairly steady 
rise during the night. a secondary maximum in the 
forenoon, and a midday maximum. Such diurnal be- 
havior suggests that the received signal can be thought 
of as resulting from at least two distinct causes. One 
is the ionization produced by meteors, which makes a 
maximum contribution at dawn and a minimum con- 
tribution at sunset. The other is the solar ultraviolet 
radiation, which peaks at midday and is absent at night. 
A superposition of the diurnal variations associated 
with these two causes. with relative importance varying 
according to season. would account reasonably for 
several features of thé observed monthly diurnal 
characteristics. 

The records of the received signals were carefully 
examined during times of magnetic disturbances and 
HF radio fadeouts. During the most severe magnetic 
disturbance for which observations were available. the 
signal showed pronounced intensification. During 
more moderate disturbances. the signal occasionally 
showed some enhancement or appeared normal. 
Analyses of HF records during April and May, 1951, 
showed 24 SID’s (sudden ionosphere disturbance. a 
high fre squency fadeout) occurring between 11 hr. 
after sunrise and 114 hr. before sunset for which simul- 
taneous VHF data are available on the experimental 
path. In 17 of these events. the received signal showed 
an increase ranging from 3 to 9 db during the period of 
the SID. This enhancement became noticeable within 
a few minutes of the onset of the SID. and the received 
signal returned to normal at the end of the fadeout. 
In the remaining seven cases of HF fadeout. the records 
of received VHF signal did not show any strengthening 
but appeared to be normal. An important point is that 
there was no evidence of any weakening of the signal 
for these cases. 

These results indicate strongly that the received sig- 
nal is returned from a part of the E region below the 
level of maximum ionization and perhaps from below 
the absorbing region. sometimes referred to as the D 
region. This is further substantiated by earlier and 
independent observations of cosmic noise, which suf- 


Drawing showing the geometry for E-region scattering. 
Very high frequency signals are transmitted from Cedar 
Rapids, lowa (T), and directed toward the E region of 
the ionosphere, about 50 to 70 miles above the earth’s 
surface (h). The radio waves are reflected in a region 
about 3 miles thick and directed back to the earth to the 
receiver at Sterling, Virginia (R). The total distance 
(d) between Cedar Rapids and Sterling is 774 miles. 
The transmitted power was an estimated 23 kw, and the 
received power was of the order of 10°" watt. 


fers a small but noticeable attenuation at the same fre- 
quency during SID’s. 

Other observations of the experimental transmissions 
have been made, notably by the Bell Telephone Labora- 
tories. by Cornell University. and by radio amateurs. 
It is evident from these observations that the signal can 
be received over a considerable area. During a short 
period, receiving tests were also made in Bermuda, a 
distance of 1.600 miles from Cedar Rapids. Signals 
were received sporadically and only at times associated 
with intense sporadic E ionization at some point along 
the path. 

In the pre-experimental calculations. it was estimated 
that the received signal power corresponding to a criti- 

cal frequency of 1.55 Mc and coming from a height of 

about 100 kilometers would be 2.0: x 10°" watt. In- 
spection of records revealed that the maximum median 
values of received signal varied in the middle of the 
day from power levels of about 4.2 * 10° to 1.7 X 107 
watt. These values, which saint very weak dead 
occurred at times when the highest usable frequency for 
the usual kind of E-layer reflection for this path varied 
from 13.8 to 14.4 Mc—well below the operating fre- 
quency of 49.8 Mc. It is thus apparent that the pre- 
experimental speculations were too optimistic. The 
behavior of the signal during SID’s suggests that the 
ionospheric region responsible for the transmission may 
be lower than 100 kilometers. At such lower heights 
the values of the critical frequencies corresponding to 
the electron densities normally present are substantially 
lower, although probably exhibiting similar diurnal and 
seasonal variations. It would appear that the adapta- 
tion of the Booker-Gordon theory to the ionosphere 
could better account for the experimental results if use 
were made of values of critical frequency which are 
appropriate to the lower heights from whic h the signals 
seem to come. 

Results of experimentation to date. while of consider- 
able interest, leave many questions unanswered. For 
future experimentation, tests of frequency and distance 
dependence are contemplated. as well as more detailed 
study of the nature of the received signal. with the 
objective of improving understanding of the transmis- 
sion mechanism and the parameters of the medium. 

For further technical details see New kind of radio 
propagation at very high frequencies observable over long 
distances, D. K. Bailey, R. Bateman, L. V. Berkner. 

H. G. Booker, G. F. Montgomery, E. M. Purcell, WV. W. 


Salisbury, J. B. Wiesner, Phys. Rev. No. 2, 141 
(April 15, 1952). See also A theory of radio scattering 


in the troposphere, H. G. Booker and W. E. Gordon, 
8. No. 4. 401 (1950). 
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Below: Schematic diagram 
of NBS microwave spectro- 
graph absorption cell using 
a coaxial Stark cell to extend 
gas-absorption investigations 
to new and extremely low 
ranges of frequency. Left: 
Operator adjusts gain of de- 
tector amplifier. 
input end, a glass vacuum 
system is used to maintain 
and adjust gas pressure in 
spectrograph. 


Right: At 





A Coaxial Stark Cell for Microwave Spectroscopy 


COAXIAL absorption cell. recently developed by 

NBS, permits an extension of microwave gas- 
absorption investigations to a new and extremely low 
range of frequencies. The cell is now being employed 
at NBS in a spectroscopic investigation of gaseous 
compounds over a broad range of microwave fre- 
quencies. Already its use has led to the discovery of 
the full series of absorption lines of the deutero- 
ammonias. The apparatus is conveniently small-sized 
and is designed to function between 900 and 3.400 Me 
without changing either the gas sample under investi- 
gation or the spectroscope absorption cell as the 
operating frequency is varied. 

In recent years microwave spectroscopic techniques 
have come to be used in many laboratories to provide 
supplementary information on the atomic and molec- 
ular properties of gases. The method involves sub- 
jecting the gas to an electromagnetic field and varying 
the frequency of the field over broad ranges that in- 
clude the natural resonant frequency of the gas 
molecule. A sharp decrease in the detected radio- 
frequency energy at a point of resonance provides a 
measure of the gas absorption. A metallic waveguide 
serves both as the gas container and as the instrument 
for the propagation of the radio-frequency energy. 
However. the size of rectangular waveguide required 
increases with increasing wavelength. Thus measure- 
ments within the range of 900 and 3.400 Me would 
require a waveguide cross section of 344 61% in. 
down to 900 Mc. and waveguide sizes of 1% 3 in. 
and smaller would be required for frequencies above 
2.000 Mc. To avoid the need of changing large. 
cumbersome waveguide sections and to make the ex- 
periments more practicable at the lower frequencies, 
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L. J. Rueger and R. G. Nuckolls of the NBS microwave 
spectroscopy laboratory developed the broadband 
coaxial Stark cell. 

The coaxial structure of the NBS absorption cell 
provides two electrodes—the center and outer-con- 
ductors—across which the so-called “Stark” (electric ) 
field is applied. The outer diameter of the cell is 
chosen so that at frequencies as low as zero and as high 
as 3.400 Me only single-mode transmission of the radio 
energy is possible. 

The se parately applied Stark voltage sets up a trans- 
verse field that alters the absorption fre -quencies of the 
enclosed gas molecules. When the microwave energy 
alone is impressed on the cell, it is difficult to observe 
the slight absorption which occurs as the frequency 
is varied through the resonant frequency of the gas. 
However, the presence of a Stark field, being applied 
and removed at some predetermined rate, causes a cor- 
responding alternation in the gas absorption. This 
alternating signal is more readily detected. 

The NBS coaxial Stark cell is made up of a ten-foot 
section of 114-inch brass tube. which forms the outer 
wall of avacuum-tight chamber. The center conductor 
is composed of a series of s-inch brass rods. each 15 in. 
long. connected end to end by threaded joints. One 
rod has a sliding joint that te lescopes to accommodate 
longitudinal expansion during heating or cooling. The 
ends of the cell are vacuum-sealed by clamping “Teflon” 
disks at the centers and rims of the tube. An exhaust 
manifold for adjusting the gas pressure is attached to 
the cell through 4 quarter-inch holes in the side of the 
brass tube. 

In a preliminary model the center rod was supported 
in the coaxial cell by a series of disk spacers. How- 
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ever. the disks gave rise to small standing waves at 
specific frequencies. These effects are materially re- 
duced by using sets of three longitudinal fins spaced 
and rotated at random with respect to each other. 
Signal voltages are coupled to the cell through co- 
axial-to-waveguide-to-coaxial transformers placed at 
both ends. The transformers are made from L-band 
waveguide sections and are scaled down from broad- 
band, S-band commercial waveguides. One trans- 
former is modified to permit the insertion of the Stark 
voltages. Although in this system the frequency range 
for operation is limited to 900 Me by the size of the 
transformer sections employed, additional transformers 
are readily constructed and interchanged without dis- 


turbance of the absorption cell itself. The transform- 
ers act as waveguide-below-cutoff attenuators to pre- 
vent the direct application of the Stark modulation volt- 
ages to the detector. Resonant reflections within these 
waveguide sections are reduced by the insertion of IRC 
resistor boards cut to act as tapered attenuators. 

The source of r-f energy for the spectrograph in which 
the cell is used is a conventional klystron oscillator. At 
the absorption frequency of a particular gas, a motor- 
driven control either of the sweep voltage (over a small 
frequency range) or of a cavity plunger for wide range 
tuning varies the fre »quency of the oscillator. This per- 
mits obse ‘rvations of the gas absorption to be recorded 
on a strip chart as a function of frequency. 


Ceramic Coatings Prevent Carbon Absorption 


OME of the stainless steels used in aircraft exhaust 

systems tend to absorb carbon under severe operat- 

ing conditions. This causes precipitation of carbides 

at or near grain boundaries, which may result in 
failures of exhaust parts. 

NBS has demonstrated in recent laboratory tests that 
certain ceramic coatings successfully prevent this un- 
desirable carbon absorption. Investigated were sev- 
eral NBS ceramic coatings. including types A-417 and 
\—-19H. applied to three 18-8 stainless steels: AISI 
types 304. 321. and 347. Coated and uncoated speci- 
mens of the alloys were subjected to strongly car- 
burizing conditions at 1.350°, 1.500°, 1.650° F. The 
study was conducted by J. W. Pitts and D. G. Moore 
of the NBS enameled metals laboratory. under the 
sponsorship of the National Advisory Committee for 
\eronautics. 

NBS has been active for a number of years in de- 
veloping ceramic protective coatings for metals, par- 
ticularly for alloys subjected to the high temperatures 
of aircraft exhaust systems. This work has resulted in 
several successful NBS coating formulations that are 
now in regular commercial use. Earlier NBS studies 
have demonstrated the ability of ceramic coatings to 
protect alloys from oxygen and lead bromide, but until 
now there have been no reported studies of the effective- 
ness of the coatings in preventing carbon penetration. 


Photomicrographs of etched stainless-steel specimens 
after carburizing for 4 hours at 1,650° F. Upper speci- 
mens uncoated: lower specimens coated with a National 
Bureau of Standards ceramic coating A-19H. The coated 
specimens of Types 321 and 347 show none of the carbon 
absorption that is evident in the uncoated specimens. 
The heat treatment alone causes carbide precipitation in 
Type 304; however, the carbide network is heavier near 
the surface of the uncoated specimen. 


In the present study small sheets of the various coated 
and uncoated alloys were packed in an alloy box with 
a commercial carburizing compound. The box was 
then placed in a furnace and slowly heated to one of 
the three selected temperatures. After 4 hr at this 


temperature. the box was removed from the furnace 
and allowed to cool in air. 

Specimens thus treated were examined for significant 
changes in surface appearance and were then sectioned. 
etched, and examined metallographically. Although 
some of the coated specimens showed blistering. spall- 
ing. or wrinkling. in no case did the metal become 
exposed. Most of the uncoated specimens gave evi- 
dence of carbon absorption to depths as great as 0.007 
inch below the surface. In most cases. however. the 
ceramic coatings completely prevented the absorption. 

Of those studied, NBS ceramic coating A—19H 
proved most effective in preventing carbon absorption 
under all test conditions. However. the extreme sever- 
ity of the test carburizing conditions would probably 
never be encountered in the practical operation of 
aircraft exhaust systems, and any of several coatings 
might well prove fully satisfactory in service. Service 
testing of coated exhaust parts is probably the only 
really valid method now available for establishing the 
relative merits of different ceramic coatings. 


For further technical details, see NACA Technical 
Vote 2572, Ceramic coatings for prevention of carbon 
absorption in four heat-resistant alloys, by Joseph VW. 
Pitts and Dwight G. Moore (December 1951). 
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CCOMPANYING the increased application of X-ray 
equipment and techniques is the growing need for 
specially designed treatment rooms. 


is that of protecting from X-rays the persons working 
with the equipment and those in adjoining areas. 
Many publications are available to assist in the solution 
of this problem; but none has undertaken to explain 


certain assumptions and recommendations. nor have 
Extensive 
computations and analyses by the National Bureau of 


any included detailed design specifications. 


Standards of all phases of the problems have resulted 


in the development of detailed procedures for the de- 


sign of barriers for X-ray protection. 


The results of the NBS program—including X-ray 


protection recommendations, sample design problems. 
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One of the major 
problems involved in any building program of this type 
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tered radiation. 
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and methods for computing barrier thickness—are pre- 
sented in a handbook that should prove valuable to 
architects and engineers planning structures in which 
X-ray equipment is to be used. The primary factual 
data and basic principles necessary for designing 
shielded X-ray installations included in the publication 
are based on the recommendations of the National Com- 
mittee on Radiation Protection. 

In general. rules and recommendations in the field 
of X-ray protection must be based on the limited data 
available in the literature. Additional changes may 
be expected in the future as X-ray equipment is im- 
proved and modified or as X-ray techniques are altered. 
\t that time a more detailed analysis of the equipment 
and operating conditions for a particular installation 
may permit some reduction of the barrier requirements. 
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pre- However, the techniques developed by NBS at this time 

> to are known to be valid for all modern equipment. 

hich X-ray protective barriers can be divided into two 

tual types: a primary barrier. providing protection from the 

ling useful radiation or beam; and a secondary barrier. pro- 

tion viding protection from the secondary and direct radia- 

om- tion. Thus, if an X-ray tube is fixed in position. the 
portion of the wall or floor struck by the radiations 

neld passing through the tube-housing aperture. cone or dia- 

data phragm (the useful beam) will require a primary pro- 

may tective barrier. Secondary protective barriers will be 

im- required for all other areas receiving the radiations 

red, escaping through the tube housing (direct radiation) 

nent and the radiations originating in the irradiated material 

tion (secondary radiations). If the tube may be aimed in 

‘nts. 





every direction. all walls must be considered as subject 







































to useful radiations and therefore as requiring primary 
protection barriers. 

X-ray protection techniques are based on the recom- 
mendations of the International Commission on Radio- 
logical Protection and of the International Commission 
on Radiological Units. This group has proposed that 
the permissible exposure rate for X-rays is 0.30 roent- 
gens (r) per week. measured in air. This exposure 
may be distributed uniformly over the working time in 
a week or may be obtained larger short-time ex- 
posures, provided the total does not exceed 0.30 r in 
any one week. It should be noted that this is not a 
tolerance dose. because it is not known that the body 
can tolerate any radiation. However. at such exposure 
levels no ill effects to the individual have been revealed 
to date to indicate the need for revision to a lower 








lead or 11.2 in. 
hazard. 





level requirement. Thus protective barriers must be 
designed to limit exposure rates to within these 
recommendations. 

Four basic principles of protection design must be 
included in every preliminary consideration of a new 
X-ray installation. (1) The major portion of the pro- 
tection should be as near to the X-ray tube as possible. 
It is usually recommended that a large amount of the 
protection be incorporated in the tube housing if this 
is compatible with the mechanical design requirements 
for mobility. This arrangement does not eliminate 
the necessity for the use of other barriers but does mean 
a marked reduction in the total volume required. 

(2) It is desirable to restrict the direction of the 
useful beam. Only the area struck directly by the use- 
ful beam requires primary barrier protection; all other 
parts need only secondary protection. For instance. 
by restricting the direction of the useful beam toward 
the floor, the weight of doors may be reduced and the 
number of sheets of lead glass in observation and other 
windows may be decreased. 

(3) It is usually considered advisable to compute 
all barrier-thickness requirements for a full 8-hour day. 
Even though immediate requirements may dictate a 
thinner barrier, the cost of adding layers to existing 
protection (because the equipment is to be used for 
longer periods) far exceeds the expense of installing 
thick barriers during the initial construction. 

(4) Lead is the major protective material in the 
low-voltage range and is also used in the high-voltage 
range when space is limited. Concrete, because of its 
structural strength, has been favored in the high-energy 
region where the absorption is principally a mass 
effect. !n some isolated cases. where the voltages are 
very low, ordinary plaster walls may suffice for second- 
ary barriers. In other instances. ice may be useful 
and economical for mobile barriers in low- potential 
installations and for doors in rooms eae high- 
voltage apparatus. 

Numerous e xperimental data appear in the literature 
from which radiation attenuation curves and tables may 
be obtained for the useful beam. The information is 
usually developed for a particular material, suc th as 
concrete or lead, and for various ranges of X-ray poten- 
tials. In addition, a consideration is made of the volt- 
age waveform, direction of the X-ray beam with respect 
to the electron beam. and the inherent filtration associ- 
ated with the experiment in all cases for which this 
information is available. All of these factors are im- 
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adjoining rooms. 





Models show treatment room. with 
patient undergoing 
ator in control booth, and persons in 
Inadequate shield- 
ing permits X-radiation to reach those 
in adjoining areas in varying degrees 
of dose (a, 10 mr per hr; 6, 1,000 mr 
per hr; c, 350 mr per hr; d, 10 r per 
hr; e, 90 r per hr). 
(f. 4.2 mm lead or 8.4 in. conerete; g, 
2.4 mm lead or 4.8 in. concrete; h, 0.8 
mm lead or 1.6 in. concrete; j, 5.6 mm 
concrete) eliminates 


treatment, oper- 


Proper shielding 





portant and, when it is possible, should be considered 
in the design of adequate yet economical protection. 
Several tables are presented in Handbook 50, includ- 
ing tables of primary protection-barrier requirements 
for potentials of 75 to 250 kvp (kilovolts, peak), 400, 
500, and 1,000 kvp satisfied by various thicknesses 
of lead. and barrier requirements for potentials of 500, 
1.000, and 2.000 kvp satisfied by concrete. 


Lead thickness with peak of— 


Target distance = 
75 Kv 1l0O0kv 150kv 200kv 250 kv 


it mm mm 7 


nm mm mm 
2 2.2 3.4 4.3 6.7 11.8 
; 2.0 3.1 4.0 6.2 10.9 
9 1.7 2.7 3.6 5.5 9.6 
8 1.5 2.4 3.2 4.8 8.5 
10 1.3 2.2 3.0 4.5 8.1 
15 KX 1.9 2.6 4.0 aa 
2 1.0 aaa 2.4 3.6 6.4 
50 0.5 1.1 1.7 2.4 4.3 
Approximate HVL_ thick- 
ness measured at high 
filtrations ay 0. 24 0.3 0.5 0.8 
Radiation filter (mm of Al) «5 5 3.0 3.0 3.0 


The ordinate of the curves included in the handbook 
gives the dose rate of the useful beam beyond the bar- 
rier in roentgens per minute at a point | meter from 
the target for a tube current of 1 ma. The abscissa is 
in terms of the thickness of the specified barrier mate- 
rial that reduces the dosage rate of the 1-ma beam 
shown by the ordinate. Barrier requirements at other 
distances and radiation outputs are computed on the 
basis of the dose rate of 1 meter. If the tube current is 
increased above 1 ma, the barrier requirements will 
also be increased: if the distance between the tube and 
the point to be protected is increased, the barrier re- 
quirements will be decreased. Thus, the curves indi- 
cate directly the barrier thickness required to reduce 
the dose rate to the permissible value of 10“r/min for 
| ma at | meter from the target. 

The most important consideration in the design of 
X-ray installations is naturally the type of operation 
performed by the apparatus. Design recommendations 
are made accordingly. For. instance, fluoroscopes are 
required to have a lead- glass barrier so that, if all other 
recommendations are followed, the treatment room will 
require only secondary barrier protection. Radio- 
graphic equipment normally does not have a self-con- 
tained primary protective barrier, as do the fluoroscopic 
units. and thus requires protection for all walls and the 
floor. In addition, many units incorporate extreme 





flexibility of movement of the tube housing so that all 
of the protection must be the primary barrier type. 
The same conditions are generally true of units used in 

250-kvp deep therapy: and. because of the increased 
energy. more stringent recommendations are re quire dl. 
\dditional considerations must be made in use of equip- 
ment for l-million volt therapy. In this instance it is 
recommended that the treatment room be located in an 
isolated area that is supported sufficiently to withstand 
the weight of the equipment. Furthermore, the motion 
of the tube should be restricted so that the X-ray beam 
can be pointed only at the most distant points of oc- 
cupied space and never toward adjoining rooms, above 
the horizontal. or toward the observation window. 











should be assumed that the machine will operate at its 
full rating of 250 kvp and 15 ma whenever used. 
For purposes of illustration. a typical room in which 
the equipment is to be used is described as being about 
18 ft long, 14 ft wide, and 9 ft high. A hallway 
borders one of the walls, which also includes an 
entranceway. Ideally. no windows would be in the 
outside walls as they might give inadequate shielding. 
and, therefore. would require protective baffles. The 
control booth for the X-ray apparatus would be as far 
removed as possible from the \-ray tube. The degree 
of occupancy of all adjoining rooms must also be con- 
sidered. It is further recommended that in the design 



































d of the barriers, the X-ray units be considered as operat- 
: (n example of the design recommendations proposed ing a 48-hour week. In some instances it may be 
. by NBS. and one which is described in full detail in possible to restrict the motion of the tube to a com- 
a Handbook 50. is that concerning a 250-kvp deep paratively small treatment area. This move could 
) therapy installation. At the time the equipment is result in reduction from primary to secondary barrier 
a supplied by the manufacturer, its X-ray beam may be protection for as many as two complete wall areas. 
) pointed in any direction. Unless restrictions are However. no matter what the restriction on motion 
. placed on the mechanical motion of the tube. all walls. may be. the largest amount of protection is required 
Hoor. and ceiling should be primary protective barriers. for the floor of the treatment room. — It is recommended 
As the beam cannot be pointed at all of these walls for that multiple layers of protection, should be placed in a 
the full 48-hour week, it is worth while to consider the circle of 2 or 3 feet radius with its center directly below 
proportion of time each protective barrier may be the X-ray tube target. 
tiuth by the useful beam. If it is possible to obtain It should be noted that the computations upon which 
all treatment conditions without directing the beam the recommendations are based were derived from ex- 
toward any one given barrier. a mechanical restriction isting data. The computations, in all cases, provide 
may be incorporated in the tube motion. This area adequate protection: in fact, in some instances, they 
then reauires only a secondary protective barrier with provide overprotection. In order to be on the safe side, 
a consequent reduction in the thickness of the material. and because of the somewhat limited data now avail- 
Even if no such restrictions are permissible. it may still able. protection was computed for a long work period 
be possible to limit the period the beam will be pointed (48 hr wk). a large radiation field, the maximum per- 
toward the ceiling. for instance, to a maximum of one- missible personnel exposure (0.30 r per week). and 
eighth the total time the unit will be used. Under safe assumptions of the quality of the radiations. 
+ these conditions. the primary protective barrier thick- For further technical details, see X-ray protection 
-. ness originally computed for the ceiling may be re- design, by H. O. Wyckoff and L. S. Taylor. National 
m duced by 3 HVL. | HVL. the half value laver. is Bureau of Standards Handbook 50 (May, 1952), price: 
. defined as the thickness of a material required to 15 cents, and Medical X-ray protection up to two million 
1S 1 tl lis , half the d volts, National Bureau of Standards Handbook 41 ( March, 
e- reduce the emergent rac lation to one-ha the dose rate 1949), price: 20 cents. Both handbooks are for sale by 
m of the incident radiation.) For design purposes it the Superintendent of Documents. Washington 25, D. C. 
er 
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Capacity of Plumbing 


Stacks 


ECENT theoretical and experimental, investigations 
by NBS have led to the successful solution of an 
important question in the problem of plumbing stack 
design. Because of the complexity of the problem and 
the wide variety of hydraulic and pneumatic conditions 
encountered in providing for the sanitary drainage of 
buildings. no satisfactory method has existed heretofore 
for determining the maximum flow that should be intro- 
duced into the stack from a horizontal branch at some 
intermediate floor of a multistory building when water 
is being discharged at a given rate down the stack from 
higher floors. As a result of the present work—part of 
a broad program of research sponsored by the Housing 
and Home Finance Agency—hydraulic engineers 
Robert S. Wyly and Herbert N. Eaton have developed 
an equation that relates the many variables involved in 
stack-flow phenomena and makes it possible to deter- 
mine the minimum stack size required to meet any 
given conditions. 

The plumbing stack in a building is a vertical pipe 
extending from the top of the structure to the building 
drain under the basement floor into which the fixture 
drains and horizontal branches on the various floors 
discharge. The inadequacy of available data on which 
to base the design of a stack is reflected by wide dis- 
crepancies in the loads that are permitted on stacks by 
the various plumbing codes in this country. The load- 
ings allowed by these codes frequently differ by a ratio 
of at least 2to 1. Hence it is evident that many stacks 
may be greatly over-designed. with consequent waste of 
metal; while others may be equally under-designed. 
with consequent danger of overloading. Overloading 
causes excessive pressure fluctuations in the system. 
which may siphon the water seals of the fixture traps 
and allow sewer air to enter the rooms. Underloading. 
on the other hand, is not economical. 

There are two basic problems involved in determining 
the diameter of the stack required for any given instal- 
lation. First, it is necessary to determine what design 
discharge shall be assumed. that is. what maximum 
rate of flow from the given numbers of water closets. 
bathtubs, lavatories, kitchen sinks, laundry trays. or 
other fixtures connected to the stack should be adopted 
for purposes of design. Second, once this design dis- 
charge has been settled on. the pressure conditions in 
the stack must be investigated. The NBS method 
makes it possible for the first time to determine whether 


Use of a transparent plastic sanitary tee made it possible 
for NBS engineers to observe visually the flow phenom- 
ena in a 3-in. plumbing stack under various conditions of 
flow down the stack and from two horizontal branches. 
This photograph shows the interference of a large flow 
from both horizontal branches (123 gallon per minute 
total) with a still larger flow (145 gpm) down the stack. 
Note the large backpressure caused by this interference 
and also the mass of water thrown upward by the impact 
of the streams. 
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these pressures exceed the maximum values that are 
permissible. 

The discharges from plumbing fixtures enter the 
stack through sloping drains of relatively small di- 
ameter. ond hence a8 flow velocity in these drains is 
quite small—in most cases probably on the order . 
3 ft/sec or less. Whe *n the water enters the stack, 
is immediately accelerated downward by gravity; aa 
within a short distance it assumes the form of an 
annular sheet flowing down the pipe’s inside surface. 

The velocity of the sheet increases rapidly during 
the first few feet of fall; then, as the frictional effect of 
the wall on the sheet of water increases (as it does with 
increase in velocity). the velocity increases more and 
more slowly. until finally the frictional force exerted 
by the wall exactly balances the force of grav ity on the 
water. From this point on. the sheet of water travels 
down the stack at a constant velocity which is known as 
the “terminal velocity” 

If water from a drain at some intermediate floor 


Special apparatus used by the National 
Bureau of Standards for simulating a 
wider variety of flow conditions in a 
plumbing stack than is possible with the 
usual service stack. Two horizontal 
branches are connected to the stack at 
the same level, and a short 3-in. pipe 
surmounted by a cylindrical chamber 
(center) replaces the stack which ordi- 
narily extends for several stories above. 
The annular sheet of water at the branch 
junctions is produced by water forced 
down from the chamber between the 
3-in. stack and a smaller pipe extend- 
ing downward inside the stack. Chang- 
ing the pressure in the cylindrical 
chamber varies the velocity of the sheet, 
and changing the diameter of the inner 
pipe allows alteration of the sheet thick- 
ness. Backpressures in the branches 
were measured with 1!'4-in. diameter 
manometer tubes. 


level is to enter the stack at a point where a sheet of 
water from higher floor levels is flowing downward at 
high velocity. the water from the drain must break 
through or deflect part of the sheet of water at that level. 
This can occur only after sufficient back pressure has 
been built up in the drain at the point of entry into the 
stack. When the flow down the stack or the flow out of 
the branch or both are excessively large, this back 
pressure may cause the water in the drain to back up 
into shower stalls or bathtubs. may affect the function- 
ing of ventilating pipes, or may cause sluggish flow 
from fixtures on the branch. 

The NBS investigation involved a theoretical analysis 
of this phenomenon and an experimental determination 
of the unknown constants that occur in the resulting 
equation. This equation makes it possible to predict 
the back pressure in a horizontal branch for any flow 
that is likely to occur in the stack and out of a branch. 

The experimental investigation was carried out with 


a 3-in. stack with 1'-, 2-, and 3-inch sanitary-tee stack 
fittings where the horizontal branches joined the stack. 
In order to obtain more flexibility in the experimental 
work and to make it possible to cover a wider range 
of conditions than would have been possible with the 
usual service stack, use was made of a special stack 
arrangement. Two horizontal branches were con- 
nected into the stack at the same level, and a short 
length of 3-in. pipe surmounted by a cylindrical 
chamber replaced the portion of the stack ordinarily 
extending for several stories above this level. Extend- 
ing downward from this chamber for a short distance 
inside the 3-in. stack was a pipe of smaller diameter. 
Water forced downward from the cylindrical chamber 
through the annular opening between the two pipes 
produced an annular sheet flowing down the wall of the 
stack, simulating the sheet that ordinarily flows down 
the wall of a plumbing stack. Changing the pressure 
in the cylindrical chamber permitted variation of the 
velocity of this sheet. and changing the diameter of the 





inner pipe allowed alteration of the thickness of the 


sheet of water. In this way much more flexibility of 
experimentation was obtained than would have been 
possible with an actual stack. The back pressures in 
the branch due to interference of the branch stream 
with the stack flow were measured with a 1'%-in. 
diameter manometer tube set into the branch pipe four 
pipe diameters back from the stack. 

Some of the more practical conclusions reached as a 
result of the NBS investigation are: 

The total load on the stack should be such that 
the stack will never be more than one-fourth to one- 
third full wherever terminal velocity exists. 

2. A horizontal branch should not be loaded to such 
an extent that the hydraulic gradient exceeds the slope 
of the drain. 

At any horizontal branch-stack connection, the 
combined flows in the stack and in the horizontal branch 
should not cause the horizontal branch to flow under an 
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excessive hydrostatic head. or backpressure. A logical 
limit seems to be that condition which allows a hori- 
zontal branch to flow just full near its junction with the 
stack. The equation developed can be used to deter- 
mine the various flow combinations that give this result. 





For further technical details, see Capacities of plumb- 
ing stacks in buildings, by Robert S. Wyly and Herbert 
N. Eaton, Building Materials and Structures Report 132, 
available from U.S. Government Printing Office. Wash- 
ington 25, D. C., at a cost of 20 cents. 


High-Frequency Calibration of Magnetic Materials 


TBS has recently established a calibration service 
for determining the r-f scibeanaliiitts and loss 
factor of magnetic materials in the frequency range 
between 50 ke and 30 Mc. The primary calibrating 
standard is a coaxial line of variable length constructed 
to dimensions of extremely high accuracy. The char- 
acteristics of magnetic materials. such as the ferrites 
and powdered irons, are determined in terms of the 
variation in the length of the line. The Bureau has 
also developed a secondary standard of calibration that 
may be simply reproduced and utilized in the manu- 
facture of magnetic materials. 

The increased use of magnetic materials in high- 
frequency electronic equipment has resulted in a need 
for more accurate evaluation of their behavior at the 
elevated frequencies. Ferrites and powdered irons 
have contributed to the reduction in size of electronic 
components. These materials have been modified to 
perform functions such as those of magnetic memories 
and amplifiers. attenuators, filters, and loop antennas 
for small radio receivers. In some applications. the 
losses in the material are of little importance. and in 
others, high losses are actually used to advantage: 
however. in most instances. it is desirable to use a 
material with high permeability and low loss factor. 

To evaluate the characteristics of magnetic materials. 
experiments have been conducted on thousands of 
compositions, with a variety of results. Little diff- 
culty is encountered determination of the direct- 
current characteristics of the materials; these experi- 
ments are performed with comparative ease and 
accuracy and yield valuable information. However, 
the procedures are not valid for determining the be- 


havior of ferrites and powdered irons at high fre- 


Below: NBS primary standard for determining the r-f 
permeability of magnetic materials. The standard is a 
variable-length coaxial line, accurately calibrated in 19 
one-inch stops. A micrometer system permits the meas- 
urement of variations to within 0.0005 in. along the 
20-in. range. Right: Close-up of end into which a 
sample of magnetic material is inserted. The variation 
in length is directly proportional to the permeability of 
the magnetic material relative to air. 


quencies. These high-frequency characteristics are 
best described by the r-f permeability and loss factor 
(complex permeability) of the magnetic materials. 
The determination of these factors. besides being of 
interest to the designer and engineer. is important to 
the manufacturer of magnetic materials. who must use 
this knowledge as a basis for the quality-control phase 
of the manufacturing process. 

The NBS primary standard of r-f permeability and 
loss factor was designed by P. H. Haas of the Bureau's 
high-frequency standards laboratory. The method of 
measurement depends on the change in inductance of 
an accurately machined coaxial line when a sample of 
magnetic material is inserted. The variable-length 
coaxial line is accurately calibrated in 19 one-inch 
stops and includes a micrometer system that permits 
the measurement of variations to within 0.0005 in. along 
the 20-in. range. All machining tolerances were held 
to +0.0002 in. The line is made completely from 
nonmagnetic materials to reduce the possibility of 
extraneous magnetic fields affecting the measurement. 

In a typical investigation, a sample of magnetic 
material is ground into the shape of a coaxial disk 
that completely fills a section of the space between 
the conductors of the coaxial line. In the grinding 
process, all tolerances are + 0.0002 inch. The output 
terminal of the coaxial line is connected to the “un- 
known” terminal of an r-f bridge suitable for measur- 
ing inductance in the frequency range at which the 
material will be used. First. the bridge is balanced 
with no sample in the line and the coaxial segment ex- 
tended to almost its fullest length. The disk of mag- 


netic material is then placed on the center conductor 
cap holding the disk in place 


of the line. A metal 











short-circuits the end of the coaxial line. The result- 
ing bridge unbalance is adjusted to the original con- 
ditions by a combined manipulation of the resistance 
reading arm on the bridge and a reduction in the 
length of the line. The variation in length is directly 
proportional to the permeability of the magnetic ma- 
terial relative to air and constitutes a primary method 
of measurement. The difference in resistance readings 
is a measure of the loss factor of the material and i 
limited only by the inherent degree of accuracy of the 
bridge instrument. 

The use of such highly precise and delicate calibra- 
tion equipment as part of a production line, however, 
is restricted by the rigors of the manufacturing process. 
The method more commonly used in routine measure- 
ments employs a toroidally shaped ring upon which a 
number of windings have been placed. Quality con- 
trol is achieved by comparing representative products 
with this “standard”. The major disadvantage of this 
method, aside from the necessity of winding a large 
number of turns on each toroid to be tested, is the poor 
accuracy resulting from shunting capacitances an dis- 
placement currents, especially in the case of materials 
with high dielectric constants. Thus, a device that 
would give a reasonably accurate indication of the de- 
gree of variation of the finished product with respect to 
the “standard” has been needed. The secondary stand- 
ard of calibration developed by NBS is designed to 
yield the necessary information and is rugged enough 
to become an integral part of the production line. Its 
accuracy is limited only by the precision of the bridge 
instrument used in the calibration. 

The r-f permeameter, as the secondary standard 
called, is a modification of an instrument described by 
G. A. Kelsall for the measurement of permeability 


alone at low audio and power trequencies. The prin- 
ciple of operation depends on the change in input 
impedance reflected into the primary of a transformer 
by load variations in the secondary. The transformer 
of the NBS permeameter is composed of a reference 
toroid and a length of coaxial line: changes in the 
secondary are produced by the insertion of a toroid of 
magnetic material into the coaxial line. 

The NBS r-f permeameter, also developed by P. H. 
Haas, is machined from 2-in. brass rod into a cylinder 
with an inner diameter of 114 in. and a length of about 
134 in. Both ends of the line are fitted with shorting 
covers. The top cover is readily removable to admit 
the sample materials. It was made of beryllium cop- 
per so that the bearing surfaces could be machined 
into a springy yet electrically tight fit. The bottom 
cover is attached to the cylinder by screws and has a 
central spike, 34, in. in diameter, which forms the 
center conductor of the coaxial line. A hole is tapped 
into this cover to receive a type N cable plug. A shelf 
made of low-loss insulating material separates the 
upper third of the cylinder from the lower portion. 

The coaxial line is designed to receive toroidal rings 
with inner diameters greater than 34, in. and outer 
diameters less than or equal to 114 in. A wall thick- 
ness of 14 in. was chosen to improve the high-frequency 
shielding and to give ample mechanical strength. The 
shelf acts as a holder for the material to be tested. 

A toroidal ring is slipped over the center conductor 
and rests on the bottom cover of the coaxial line. A 
number of windings. suited to the conditions of the 
experiment. are on the toroid. The material of the 





Left: Operation of the NBS r-f perme- 
ameter, a secondary standard for the 
measurement of r-f permeability and 
loss factor of magnetic materials, de- 
pends on the change in input impedance 
reflected into the primary of a trans- 
former by load variations in the sec- 
ondary. The transformer of the r-f 
permeameter is composed of a _ refer- 
ence toroid and a length of coaxial line. 
Insertion of a toroid of magnetic mate- 
rial into the coaxial line produces 
changes in the secondary. Above: Un- 
assembled r-f permeameter. This stand- 
ard is machined from 2-in. brass rod 
into a cylinder with an inner diameter 
of 11% in. and a length of about 154 in. 
A shelf made of low-loss insulating ma- 
terial separates the upper third of the 
cylinder from the lower portion. The 
top cover is made of beryllium copper 
so that the bearing surfaces can be ma- 
chined into a springy yet electrically 
tight fit. Bottom cover is screwed to the 
cylinder, and a *\,-in. central spike forms 
center conductor of the coaxial line. 
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toroid has a low dielectric constant and a high Q at the 
frequency to be used during the test. One end of the 
winding ts connected to the type \ cable plug and the 
other end to the coaxial line, the system thus being 
electrically unbalanced. In this position, the toroid 
acts as a reference for the measurement by becoming 
the primary of a transformer, the secondary of which 
is the metallic portion of the coaxial line. 

A connection is made between the type N cable plug 
and a radio-frequency bridge or aQ-meter. The bridge 
is first balanced with the sec ondary of the “trans- 
former” unloaded. The magnetic material to be tested 
(formed into a toroid and without windings) is then 
placed on the shelf in the line, and the impedance bridge 
is rebalanced. The variation in input impedance. as 
read on the bridge. is the quantity from which the 
permeability and loss factor of the test ferrite or 
powdered iron are computed. 

A simple adaptation of the r-f permeameter has been 
made to allow the measurement of the temperature coef- 
ficient of magnetic materials. This property is im- 
portant in most See applications of ferrites and 
powdered irons and i 1 devices de spending on elevated 
temperatures as a means of insuring high stability. 

For details of earlier instruments. see G. A. Kelsall, Per- 
meameter for alternating current measurements at small 


magnetizing forces, J. P. S. A. and R. S. J., No. 8, Feb. 
1924 (pp. 329-338). 
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related to the national defense places further emphasis 
on the need for close cooperation between those who 
design and build high-frequency equipment and those 
who use it. 
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details will be published at a later date. 
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